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 Human development towards advance society would not be possible 
without energy. Recently, there have been major advances in the techniques 
and technologies used to obtain energy, which allowed improve well-being for 
most of the world population. However, parallel to this increase in well-being 
and comfort is a growing demand on the resources required to get the energy. 
Moreover, because energy is affordable, people tend to consume more than 
they really need. During the last century, the consumption of energy has 
increased a lot due to the change in the life style and the significant growth of 
population. Two of the main contributors of this increase of energy demand 
have been the transportation and the basic industry sectors, being the largest 
energy consumers. The transport sector is a major consumer of petroleum fuels 
such as diesel, gasoline, liquefied petroleum gas (LPG) and compressed natural 
gas (CNG). Demand for transport fuels has risen significantly during the past 
few decades. The demand for transport fuel has been increasing and 
expectations are that this trend will stay unchanged for the coming decades. In 
fact, with a worldwide increasing number of vehicles and a rising demand of 
emerging economies, demand will probably rise even harder. The overall 
energy consumption will keep increasing along with the increase in world 
population. This increase in consumption will become a serious issue as more 
and more people will have purchasing power, thus consuming more and more 
goods. Such phenomenon will mostly be felt developing countries like India.  
 The world climate has been exposed to huge changes in the past. The 
time-constants of these changes were, in contrast to the evolutional time-
constant, long enough so that the ecosystems did have sufficient time for 
alignment. Since the world’s population almost exclusively covers its 
increasing energy and raw material demand with petroleum basic materials 
(crude oil, natural gas, coal), the petroleum exhaust has increased so much that 
the world climate is changing dramatically in a short time period.The major 
concern is that the worldwide petroleum reserves are projected to be 
completely depleted by the year 2050. At this time, energy consumption will 
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still be rising exponentially. Therefore, there will be a growing gap between the 
energy needs and the energy available, which is most likely to result in the cost 
of energy becoming outrageously expensive. The other concern is the 
enormous amount of the potent greenhouse gas carbon dioxide (CO2) released 
into the atmosphere by the burning of fossil fuels, which leads to increase in 
average temperature of the Earth's near-surface air and oceans, called global 
warming. 
 With the advent of technology in the modern era, there is more 
dependence on petroleum energy for food and lifestyle enhancement forcing 
markets to respond by increasing costs. In addition, petroleum deposits have 
become more and more difficult to extract as resources have been 
overexploited. Climate change and other negative environmental effects from 
exhaust gases and industrial petroleum usage have ameliorated the search for 
alternatives sources. Thus, renewable energy sources such as hydro, biomass, 
wind, solar, geothermal, hydrogen and nuclear is of vital importance. 
Alternative new and renewable fuels have the potential to solve many of the 
current social problems and concerns, from air pollution and global warming 
to other environmental improvements and sustainability issues. In this respect, 
biofuels have an important role to play as alternative sources of energy. For 
instance, biofuels can lessen the dependency on fossil fuels and contribute to 
energy security national strategies. One of the more common biofuels is 
biodiesel, which is a renewable fuel from natural oils and it is a substitute for 
petroleum-diesel fuel. Biodiesel has attracted attention as a mitigation effort for 
anthropogenic carbon dioxide emissions which have led to the current soaring 
global warming and subsequent climate change.   
 Biodiesel is an attractive alternative, clean burning, non-toxic and 
biodegradable fatty acid methyl ester compound. It produced by a 
transesterification process of animal or plant oils with methanol in the presence 
of a catalyst. Research has proved that renewable fuels reduce green house gas 
emissions through complete combustion and carbon dioxide sequestration by 
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plants and algae. The process of production and use of biodiesel reduces 
carbon dioxide (78%) and carbon monoxide (50%) and nearly 100% less of 
sulphur dioxide. Above all, biodiesel popularity is driven by the upsurge of 
petroleum fuels coupled with the governments’ support in the renewable fuels 
through incentives. Biodiesel has several advantages but the major challenge is 
the by-product of biodiesel production, glycerol also known as glycerin, 
produced in large quantities. Approximately, 10% by weight crude glycerol is 
formed via transesterification of oils, for example, for every 100kg of biodiesel, 
10 kg of glycerol is produced. Unfortunately, the by-product is generated by 
the main reaction which is unavoidable. The dramatic increase in biodiesel 
production has led to surplus crude glycerol on the market. The large surplus 
of glycerol, which has entered the chemical market, has caused the closure of 
existing glycerol plants and the discovery of processes that use glycerol as a 
raw material for the production of value-added chemicals and even of energy. 
It is undoubted that increasing demand of biodiesel will put an additional 
pressure upon the glycerol market in the future. Therefore, the effective 
utilization of glycerol enlarges the economy of the whole biodiesel production 
process, and the conversion of glycerol to value added chemicals could be in 
agreement with the perception of green chemistry in terms of exploitation of 
renewable resources. Recently, rational utilization of glycerol has gained much 
attention and most of the efforts in this area are focusing on the development of 
an alternative way. Therefore this is a topic of great industrial interest 
nowadays. 
 In this context, catalysis represents a critical approach to green chemical 
technology in the activation and utilization of glycerol and it will play without 
any doubt a central role. It is known that glycerol can be catalytically converted 
into functionalized and value-added chemicals via a variety of reaction routes, 
such as oxidation, hydrogenolysis, dehydration, pyrolysis, steam reforming, 
etherification, esterification, oligomerization and polymerization, etc. To 
maintain the environmental benefit of using glycerol as a sustainable organic 
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building block, heterogeneous catalysis was often preferred to homogeneous 
catalysis. Indeed, heterogeneous catalysis offers many advantages such as easy 
removal of solid catalysts from the reaction media and, in some cases, their 
possible recycling. However, from a scientific point of view, it is well 
established that the activities of solid catalysts are usually lower than those of 
homogeneous catalysts mainly because of the poorer accessibility of the grafted 
catalytic sites. This aspect is even more complex when catalytic processes are 
carried out in glycerol, as, with organic substrates, the reaction media becomes 
biphasic raising some problems of substrate diffusion. The rapid development 
of materials chemistry recently has given access to a wide range of different 
elaborate solid catalyst structures, usually well-defined at a nanoscale, and 
now offers to chemists a means to improve the performance, activity and 
selectivity of solid catalysts.  
 On the basis of these fascinating studies, researchers started to design 
new solid catalysts, which were found particularly efficient for the successful 
use of glycerol as organic building block. In this study, various ceria, zirconia 
based solid acid catalysts and copper-based metal oxide catalysts were 
synthesized. Various physicochemical characterization techniques namely, X-
ray diffraction (XRD), thermal analysis (TG-DTA), Raman spectroscopy (RS), 
temperature programmed desorption (TPD),  X-ray photoelectron spectroscopy 
(XPS), temperature programmed reduction (TPR), and BET surface area (SA) 
were employed to investigate these catalysts. All these synthesized catalysts 
were used for catalytic acetylation, acetalization, dehydration and 
hdrogenolysis of glycerol reactions. The thesis has been organized into six 
individual chapters covering all these aspects. 
 Chapter 1 comprised of a thorough literature survey on the significance of 
biodiesel and its by-product glycerol in chemical industry and their 
applications in various fields. Importance of heterogeneous catalysis on 
glycerol utilization and an overview of the different heterogeneous catalytic 
routes for the selective use of glycerol with relevant references included. As 
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well, a short introduction on biofuels and its application to environment 
included. Value of catalysis and solid acid catalysts has been discussed at 
length in this chapter. The main objectives and the scope of the present 
investigation are also clearly outlined. 
 Chapter 2 deals with the experimental procedures and the techniques 
employed in this investigation. The details pertaining to the preparative 
methodologies employed to obtain the various ceria, zirconia based solid acid 
catalysts and copper-based metal oxide catalysts are presented with 
appropriate references in this chapter. The experimental details related to XRD, 
BET SA, TG-DTA, RS, XPS, TPD, and TPR are given with necessary theoretical 
background. The experimental aspects of the potential catalytic acetylation, 
acetalization, dehydration and hdrogenolysis of glycerol reactions with 
schematic drawings are also described in this chapter.  
 Chapter 3 deals with the catalytic acetylation of glycerol over SO42-/CeO2-
M (M=ZrO2, Al2O3) and zirconia-based solid acid catalysts. Acetylation of 
glycerol is a good reaction for the production of acetins (mono-, di- and tri-
esters of glycerol) which have good commercial significance. These acetins are 
primarily used as transportation fuel additives. Triacetin is more desirable than 
other two acetins for mixing with hydrocarbon fuels. It could be used as an 
antiknock additive for gasoline. Also acetins are of great value in food, 
cosmetic and pharmaceutical industries. The investigated samples were 
prepared by using coprecipitation and impregnation methods. 
Characterization results revealed that impregnated sulfate ions strongly 
influence the physicochemical characteristics of the mixed oxide catalysts. 
Among various catalysts investigated, the SO42−/CeO2–ZrO2 and MoOx/TiO2–
ZrO2 combination catalysts exhibited best catalytic activity under mild 
conditions. It was observed that the SO42−/CeO2–ZrO2 and MoO3/TiO2–ZrO2 
catalysts exhibit ~100% conversion of glycerol with highest selectivity towards 
triacetin. The effect of various parameters such as reaction temperature, molar 
ratio of acetic acid to glycerol, catalyst wt% and time-on-stream were studied 
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over these catalysts. All the results pertaining to these catalysts are compiled in 
this chapter. 
 Chapter 4 deals with the catalytic acetalisation of glycerol over zirconia 
and promoted zirconia solid acid catalysts. The acetalisation of glycerol with 
acetone gives branched oxygenated compounds namely (2, 2-dimethyl-
[1,3]dioxane-4-yl)-methanol (solketal) and 2,2-dimethyl-[1,3]dioxane-5-ol. 
These products have enormous potential applications as fuel additives. Solketal 
is an excellent component for the formulation of gasoline, diesel and biodiesel 
fuels. This product, when incorporated into standard diesel fuel, has led to a 
decrease in particles, hydrocarbons, carbon monoxide and unregulated 
aldehyde emissions. Solketal can improve the cold properties, reduce viscosity 
and also meet the established requirements for flash point and oxidation 
stability of biodiesel. The investigated samples were prepared by using 
coprecipitation and impregnation techniques. Characterization results revealed 
that the addition of promoters enhances the tetragonal zirconia phase and the 
surface acidity. The ammonia-TPD results indicate that the impregnated sulfate 
ions show a strong influence on the acidity of ZrO2, which is followed by 
molybdate. The catalytic experiments were carried out at room temperature. It 
was observed that the promoted zirconia catalysts exhibit promising catalytic 
activity. The sulfated zirconia catalyst exhibited the highest glycerol conversion 
of ~98%. All catalysts exhibited good selectivity towards solketal. The effect of 
various parameters such as molar ratio of acetone to glycerol, catalyst wt.% and 
time on stream was studied over all the catalysts. All the results pertaining to 
these catalysts are compiled in this chapter.  
 Chapter 5 deals with catalytic dehydration of glycerol over promoted 
ZrO2, TiO2–ZrO2 and Al2O3–ZrO2 solid acid catalysts. The dehydration of 
glycerol gives acrolein and acetol (1-hydroxypropan-2-one). Acrolein is an 
important bulk chemical used as a feedstock for acrylic acid production, 
pharmaceuticals, fiber treatments, and other uses. Acetol is a main precursor 
for 1,2-propanediol synthesis. Acetol could also have a wide range of 
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applications, including as a raw material for cigarette filters, in packaging, 
plastics, agriculture, pharmaceutical products and consumer goods. The 
investigated sulfate and tungstate ion promoted zirconia-based catalysts were 
prepared by both coprecipitation and impregnation methods and calcined at 
923 K. Among various catalysts prepared the WOx/Al2O3-ZrO2 catalyst 
exhibited high surface area and more NH3 desorbed amount (mmol/g). 
Characterization results suggest that, SO42- promoter strongly influences the 
physicochemical properties of the support oxides than WOx. Nevertheless, the 
WOx promoted catalysts exhibited better catalytic activity than SO42- promoted 
catalysts. Among various catalysts investigated, the WOx/Al2O3-ZrO2 catalyst 
exhibited stable catalytic activity with the highest glycerol conversion of 99%. 
The SO42- promoted catalysts were readily deactivated when compared to WOx 
promoted catalysts. 
 Chapter 6 deals with catalytic hydrogenolysis of glycerol over CuO-Al2O3 
and CuO-Al2O3-SiO2 catalysts. The hydrogenolysis of glycerol to 1,2-
propanediol (1,2-PDO) proceeds through the bifunctional route: firstly 
dehydration of glycerol glycerol to acetol and then hydrogenation of acetol  to 
1,2-PDO on copper metal. 1,2-PDO is used for polyester resins, liquid 
detergents, pharmaceuticals, cosmetics, tobacco humectants, flavors and 
fragrances, personal care, paints, animal feed, antifreeze, etc. The copper-
alumina and silica supported copper-alumina metal catalysts derived from 
hydrotalcite-type precursors were prepared by coprecipitation method. The X-
ray diffraction results revealed the formation of crystalline CuO phase. From 
the FT-IR studies, it can be concluded that the formation of hydrotalcite-like 
structure. From the H2-TPR experiment studies it can observed that the 
reduction of the highly dispersed CuO species, also observed that SiO2 
effectively promotes CuO dispersion. Vapour phase hydrogenolysis of glycerol 
was performed under atmospheric pressure. The copper-alumina and silica 
supported copper-alumina catalysts were found to be effective catalysts for the 
synthesis of 1,2-PDO from glycerol. These metal oxide catalysts are inexpensive 
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and nontoxic, and their acidic-basic and hydrogenation properties can be 
tailored for glycerol hydrogenolysis to improve the conversion and selectivity 
toward 1,2-PDO. Among the all catalysts, the high surface area and low 
temperature reduced Cu-Al2O3-SiO2 catalyst shown high activity.  
 On the whole, using soft chemical routes various ceria and zirconia-
based solid acid catalysts were successfully synthesized. Physicochemical 
characterization of these catalysts revealed that the incorporated promoters 
show a significant influence on the surface and bulk properties of mixed oxides 
and enhance the total number and strength of acid sites. These catalysts are 
found to be active for the catalytic acetylation, acetalization and dehydration of 
glycerol. Also, copper-alumina and silica supported copper-alumina catalysts 
synthesized by simple route were found to be highly active for catalytic 
hdrogenolysis of glycerol. 
 
